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Six Vehicles to Enable Crewed Missions to Mars

Vehicles
# Vehicles 

per Mission

Orion 1

SLS 8

SEP Tug
~100 kWe

2

Deep Space Habitat
(One is a resupply version)

2

In-Space Chemical

Propulsion Stage
3

Mars Lander
(One crew and one cargo)

2
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EDL Concept for Crewed Mars Lander

Entry 

Peak Heating Hypersonic

Aeromaneuvering

Mach 5

Alt: 4.2 km Supersonic 

RetroProp Phase

Vel: 828 m/s

Alt: 3 km

Touchdown

Ground Acquisition
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Powered Descent 

Const. Vel. Phase

Altitude: 40 m

Heatshield jettison

Vel: 414 m/s

Alt: 1.29 km

Jettison Backshell

Mach 3.65

Alt:3.2 km

Abort to orbit 

capability

Note:  There are no deployable 

decelerators or parachutes.

5/10/2017



L
u

n
a
r 

P
ro

v
in

g
 

G
ro

u
n

d

1
S

T
&

 3
R

D
M

a
rs

 

L
a
n

d
in

g
s

P
h

o
b

o
s

&
 2

N
D

M
a
rs

 L
a
n

d
in

g

20412019 20232018 2022

Notional SLS Flight Scenario

EM-1

U
n

c
re

w
e
d

M
is

s
io

n
s

CY 2020 2021 2024 2025 2026 2027 2028 2029 2030 2031 2032 20342033

SEP w/ 

Phobos

Habitat

2035 2036 2039 20402037 2038

Crewed test of Mars 

Lander at the Moon

Un-crewed Mars 

½ scale EDL test

130 t SLS

Orion 

for 1ST

Mars 

Landing

Crew

Lander

ISS LEO

Mars Orbit Mars SurfaceLunar Proving Ground

SEP Cargo 1&2

DSH

Orion 

for 

Phobos

5

DSH

DSH 
to 

Lunar 
orbit

Mars 

Sim 1

EM-4EM-3EM-2 Mars 

Sim 2

Cargo 

Lander

Commercial Training Flights in LEO

EM-5

Europa 

Clipper

Europa 

Lander

SEP 1

w/return 

stage
EUSs for 

Landers

DSH
Orion

SEP 1 Cargo 
Lander

SEP 2

w/DSH 

resupply

MAV

Hab

SEP w/ 

chem

stages

EUS

E
U
S

105 t SLS

Acronyms and Abbreviations:
Chem = Chemical non-cryogenic propellants
CY = Calendar Year
DSH = Deep Space Habitat
EDL = Entry, Descent, and Landing
EM = Exploration Mission
EUS = Exploration Upper Stage
Hab = Mars Surface Habitat
ISS = International Space Station
LEO = Low Earth Orbit
MAV = Mars Ascent Vehicle
SEP = Solar Electric Propulsion Tug
Sim = Simulated Mission
SLS = Space Launch System
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Plan Right-to-Left, not Left-to-Right

• To be cost effective and retire risks, the Lunar Proving Ground 
should focus on what is required to achieve the end result

• The right side of the schedule should drive the left side

• Cislunar operations should focus on testing and verification of 
the vehicles and operational procedures to conduct successful 
missions to Mars

– Orion

– Deep Space Habitat

– In-Space Propulsion

– Mars lander and MAV

– Mars orbital and surface operations and Earth ground operations

• The cislunar program for H2M should be what the Apollo 7-10 
missions were to Apollo 11
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Testing at Deep Space Gateway

• Provides capability to conduct testing of Mars vehicles in 
cislunar space

• Could support lunar landing missions by international partners

• Could support lunar landing test of Mars lander
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Notional Lunar Test of Mars Lander

Pre-Decisional Information -- For Planning and Discussion Purposes Only 8

Shakedown cruise with crew of 4

• In-space operations

• Terminal descent and landing

• Deployments

• Surface operations

• EVAs and dust mitigation

• Ascent operations
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Notional Verification Table for H2M Lander
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